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Contact-free volumetric measurement and documentation of facial
turgors during the healing period after dental surgery
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Abstract In this paper we present a cost-efficient system to
empower the contact-free volumetric measurement of facial
turgors, see figure 1. Our system enables the reliable measurement and documentation of therapy and healing processes of patients after dental surgeries. At different time
intervals therefor textured depth data are captured with a
structured light scanner to subsequently determine volumetric models of the turgor under investigation. The volumetric
models are measured and documented and result in elaborate information about a patients anastasis after dental surgery. The presented system is currently used in a clinical
study to analyze the healing period after third molar removal.
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dimensional information has become indispensable [7]. Reliable and easy to use systems for surface measurement of
covering soft tissue are nowadays seen as an inestimably advantage for documentation and therapy planning in different
fields of dentomaxillofacial and reconstructive surgery [14].
Based on captured depth data here surface analysis can be
carried out to asses the changes in soft tissue aesthetics that
were induced from orthodondic treatments or soft tissue changes following surgical correction.
A multitude of measurement technologies has been developed in recent years in order to asses three-dimensional
proportions of the human body (see e.g. [16, 12]). Contactless surface measurement methods are thereby most adequate for reliable and accurate volumetric measurement of
soft tissue. The most common contactless technologies used
to measure the human form include depth from focus [11]
or defocus [8], moire fringe pattern inference [10], laserbased systems [7] and structured light [4] with white light

1 Introduction
The accurate acquisition of three-dimensional characteristics of humans or other creatures is becoming increasingly
important in biology and medicine. Especially in anthropometric investigations, cosmetic surgery, and intensive investigations of the influence of body shape on health risks threeChristoph John
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Fig. 1: The general system setup. On the right hand side the
working environment of the examiner is depicted. It consists
of the scanner unit composed of a projector and a camera.
Both are connected to a computer which runs the measuring software. The left hand side of the illustration shows the
examined patient with a facial swelling.
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projections or infrared light-emitting diodes. These kinds of
contactless three-dimensional surface scanners also might
be used more and more in the future to evaluate the geometric fidelity of anatomically shaped tissue engineered constructs [2], or to digitize gypsum models in dentistry [17].
Surface scanners based on various combinations of one
or multiple cameras as well as light projectors projecting
different kinds of light patterns on the specimen seem to be
the most appropriate technology in the medical field, especially because they are fairly harmless to the patient. This
is due to the fact that in contrast to e.g. laser-based systems
a pattern of nonhazardous visible light with low intensity is
projected onto the object under investigation. Based on the
observed distorted light patterns which are reflected from
the object’s surface than three-dimensional information can
be recovered.
The just discussed contact-free sensing technologies are
irreplaceable for the acquisition of turgors, because any kind
of measurement that necessitates contact to the probe would
unavoidably lead to measuring errors due to the examination. The measuring system described in this article therefore builds on structured light technology. The system has
been developed with emphasis on the quantification of facial
swellings prior and after third molar removal. It allows the
reliable quantification and documentation of the cheek volumes of patients undergoing different medication regimes
during the healing period after dental surgery.
2 Data Acquisition

Fig. 2: The scanner dialog basically allows an examiner to
monitor the position of the patient as well as to control the
position of the black blinder region that protects the patient
from looking straight into the light of the projector.

software. Both is of major significance for the medical documentation process. All mentioned interface components except the database are required for volumetric measurement
of facial turgors and the analysis of postoperative healing periods. The remaining system components are therefore best
introduced in the context of a typical volume measurement
process.

The presented system is based on structured light technology in order to realize a cost-efficient and safe device for
capturing of three-dimensional surface structures. Our scanner entirely consists of off-the-shelf hardware components
which are given as a digital light projector as well as a monochromatic USB camera, both supporting XGA resolution.
These parts together are sold at retail for less than 1000
Euro and hence facilitate the cost-efficient implementation
of our system. The scanner captures a working volume of
approximately 40 × 40 × 40 cm3 at a distance of 110 cm
which is quite sufficient for measuring of facial swellings.
An installation at almost any office workplace or surgery is
therefore possible without noteworthy space or cost requirements. Figure 1 illustrates the general system setup.

The volumetric measurement of a swollen cheek initially
requires the acquisition of a patient’s face surface. This acquisition can be done via the integrated capture interface of
the scanning system which is depicted in figure 2. The capture interface presents a video stream of the scanner camera
to allow an appropriate placement of the patient. The scan
interface also loads the scanner calibration file which is provided with the scanner, and the camera configuration parameters from the most recent scan session. The only parameters
the examiner possibly has to adjust are the height and width
of the black blinder region that is projected onto the patient
in order to prevent him from looking into the light of the
projector. A single scan typically requires less than one second for acquisition. This minimizes measuring errors due to
movements of the patient undergoing investigation.

The software interface of the presented measurement application is composed of a MySQL database component,
a scan data editor, and different views for scanner control,
volumetric measurement, and data analysis. The database
component thereby holds all patient related information like
medical history, surface scans, and registration as well as
measurement data. This ensures a standardized data access
and moreover allows an easy system extension with external

Once surface data have been measured a manual postprocessing step is required to clean the data and extract the
part of the patient’s face that should be investigated. Therefore an editor component was developed which offers easy
to use tools for selection and deletion of parts of the measured surface data. Figure 3 depicts an exemplary data set
captured by our scanning system. Beside the three-dimensional surface coordinates of the patient’s face which are
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measured with an accuracy of about 0.1 mm we also capture
color information. This color information is especially helpful in the registration process as described below and allows
the examiner to empirically assess the turgor. For example
haematomas can be inspected that way. After data cleaning
and extraction of the desired scan regions a polygonal surface representation of the remaining point cloud is generated.
In order to evaluate volumetric changes of facial turgors
the examiner has to capture surface information of the patients cheek. This has to be done several times throughout
the investigated healing period and thus results in several
three-dimensional scans of a patients face area of interest. To
subsequently obtain precise volumetric information about
the swellings, the different scan data have to be registered
against each other as accurately as possible. This is the crucial part of our measuring system, because even small registration errors can propagate to substantial volumetric measurement errors of the investigated volume.
Our measurement system implements a two step pairwise scan registration approach which is subdivided into a
pre- and a fine-registration stage. The application allows the
choice between two different pre-registration algorithms, an
automatic and a manual one. The automatic algorithm aligns
the barycenters of a scan pair and often results in a sufficient
pre-registration for scans with similar topology. This is usually the case if face scans are captured from similar view
orientations. However, if two scans exhibit only small overlap than the automatic procedure is insufficient and requires
manual user intervention. A manual pre-registration dialog
was therefore also made available. Here the user needs to
specify four point correspondences between the scans to be

Fig. 3: The scan editor component allows the threedimensional exploration of the captured surface data. It also
enables the user to clean up the data and select the facial
areas of interest.

Fig. 4: The manual registration dialog provides an easy to
use tool to accomplish a coarse pre-registration of a pair
of surface scans. The user just has to locate the numbered
crosses at corresponding locations in the texture images of
the two scans to be registered.

registered (see figure 4). The point correspondences are than
used to compute an initial rigid alignment of the three-dimensional scan data. Following the pre-registration stage
the roughly aligned scans can serve as input source for a
more accurate fine-registration. The presented application
therefor implements an “Iterative Closest Point” (ICP) algorithm [9, 5] which repeatedly finds nearest neighbor pairs
between scans to iteratively estimate a refined registration
till the registration accuracy has converged to a local maximum. At each ICP iteration a configurable amount of nearest neighbor pairs (1000 in the default configuration) is randomly selected to arrange an overdetermined system of equations which can be solved in closed form [1].
Once a pair of scans was registered they allow for turgor volume measurements. A semiautomatic procedure was
developed to find and measure the desired volumes. The examiner is therefor required to manually select a seed point
on an arbitrary surface of the inspected turgor volume. This
is simply done with a mouse click. The selected seed point
is than used to initialize a region growing procedure [15]
which finds the surface shells that clamp the turgor’s volume. Hence, once a seed point was selected, the entire measurement process executes automatically. The manual initialization using a seed point metaphor was chosen due to a
great advantage. It allows the assignment of measurements
to a certain measurement series, and with it the parallel maintenance of multiple series for non-overlapping turgor volumes. Such an approach is for example required if several
distant teeth are removed simultaneously, thus potentially
resulting in different swelling regions. In such a situation our
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Fig. 5: Two scans after registration and selection of a seed
point within the turgor region. A region growing process detects and marks the entire area of the swelling.

system can simultaneously document the healing progress of
all the different swellings.
A single face scan consists of approximately 25000 point
measurements. Obviously, this denotes that appropriate data
structures have to be chosen to allow interactive response
times for seed point selection and also measurement. The
application therefore internally represents scans with KDtrees [3] and half-edge data structures [6]. Those allow for
fast nearest neighbor search queries between scans, and permit the efficient exploration of the local surface neighborhood within a single scan. It should be mentioned here that
the distance between nearest neighbor vertex pairs of different scans serves as termination criterion for the region growing based turgor search. A result of such a region growing
process is depicted for an example dataset in figure 5. The
detected swollen region between a registered pair of scans
of a patient’s face is here marked in red.
In the last step of the volumetric measurement process
the swelling, which is given as the enclosed shape between
the marked scan regions, is discretized and measured with
configurable precision. The discretization was implemented
as an octree subdivision scheme [13]. This allows the realization of very accurate volume measurements within acceptable runtimes. Our system achieves interactive response
times even on modesty up-to-date desktop hardware and at
the same time provides an accuracy of about five percent of
the measured volume. The worst case systematic discretization error thereby depends on the shape of the measured volume and grows with its surface to volume ratio.
Figure 6 now depicts a typical volume measurement.
Here one of the face scans from figure 5 was overlayed with
a discretized and measured turgor volume. The intention behind this overlay display is to allow for manual user control.

Fig. 6: A surface scan with discretized turgor volume overlay can be displayed for control purposes.

3 Documentation and Analysis

Once turgor measurements have been computed, they are
displayed in a table alongside with the patients medical history within the patient summary view. In this view it is also
possible to select a certain measurement sequence for the
patient and plot the computed measurements over time to
get a better impression of the healing process. The patient
summary view is depicted in figure 7.
In the resulting diagram every measurement is plotted
as a vertical bar. The center position of the bar at the ordinate thereby represents the measured turgor volume and
the bar length describes the worst case systematic measurement error that was induced from the volume discretization. The systematic measurement error amounts to approximately five percent of the entire turgor volume if a high resolution discretization was chosen. If required, it would be
possible to further decrease this measurement error through
the use of a higher resolution discretization. However, in
the presented application this is not necessary as other error sources like registration inaccuracies and the fact that a
human face is not a rigid object additionally influence the total measurement error. A discretization error of five percent
is therefore seen as a sufficiently accurate statistic.
The measurement data which were obtained with our
system can be exported as comma separated values to allow
data processing in external applications. Thus for example
statistical software can be employed to perform significance
tests. The later is of particular importance if the system is
used in larger clinical studies.
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Fig. 7: The patient summary view of our system shows the
medical history together with a selectable measurement sequence over time. The illustrated example clearly shows decrease of the swelling during the healing process.

4 Discussion and Future Work
A cost-efficient structured light based system for contactfree volumetric measurement and documentation of facial
turgors was presented which has been tailored to the particular demands of dental settings. With a systematic measurement error of about five percent this system represents
an accurate and reliable measuring tool. It is currently used
in a clinical study at the University Medical Center of the
Johannes Gutenberg-University in Mainz. In this study, the
total accuracy of our system and the technical relevance of
the volumetric measurements for quantification of healing
processes will be investigated further.
The next step to improve our system would be a completely automatic registration process which makes the preregistration stage obsolete. This is of particular importance
because the pre-registration step requires input of an user
and is therewith cumbersome and error-prone. A completely
automatic registration procedure will further increase the reliability and usability of our system. To realize an automatic
registration we will incorporate the fact that we always make
scans of human faces. Thus additional knowledge of surface
texture and curvature can be employed for registration. Besides an automatic registration we also intend to provide additional metric measurement tools for surface area and distance computation as those represent complementary information queues for the quantification of healing processes.
Acknowledgements We would like to thank PD Dr. med. dent. Ralf
Schulze from the Dept. of Oral Surgery (and Oral Radiology) at the
University Medical Center of the Johannes Gutenberg-University in
Mainz for a lot of extensive discussions and comprehensive insights
into dentistry. Part of this work was funded by the PRO INNO II pro-

1. K. S. Arun, T. S. Huang, and S. D. Blostein. Least-squares fitting
of two 3-d point sets. IEEE Trans. Pattern Anal. Mach. Intell.,
9(5):698–700, 1987.
2. JJ. Ballyns, D. Cohen, E. Malone, SA. Maher, HG. Potter, TM.
Wright, H. Lipson, and LJ. Bonassar. An Optical Method for
Evaluation of Geometric Fidelity for Anatomically Shaped Tissue Engineered Constructs. Tissue Eng Part C Methods., Sep 29,
2009. Electronic publication ahead of print.
3. J.L. Bentley. Multidimensional binary search trees used for associative searching. Communications of the ACM, 18(9):509–517,
1975.
4. P.J. Besl. Active, optical range imaging sensors. Machine vision
and applications, 1(2):127–152, 1988.
5. P.J. Besl and H.D. McKay. A method for registration of 3-D
shapes. IEEE Transactions on Pattern Analysis and Machine Intelligence, 14(2):239–256, 1992.
6. M. Botsch, S. Steinberg, S. Bischoff, and L. Kobbelt. Openmesha generic and efficient polygon mesh data structure. In OpenSG
Symposium, 2002.
7. T. Bretschneider, U. Koop, V. Schreiner, H. Wenck, and S. Jaspers.
Validation of the body scanner as a measuring tool for a rapid
quantification of body shape. Skin Research and Technology.
8. S. Chaudhuri and A.N. Rajagopalan. Depth from defocus: a real
aperture imaging approach. Springer Verlag, 1999.
9. Y. Chen and G. Medioni. Object modeling by registration of multiple range images. Image and Vision Computing, 10(3):145–155,
1992.
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